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Bearing arrangement for absorbing axial loads 

Field of the invention 

The invention relates to a bearing arrangement for absorbing axial loads, 
comprising a plurality of roller bearings arranged one behind the other and 
each having a housing plate, a shaft plate and rolling body sets arranged 
between these runner plates, the shaft plates and the housing plates being 
supported axially by means of spacer rings arranged between them in each 
case. 

Background of the invention 

To increase the load capacity of axial bearings, a plurality of axial bearings 
are installed one behind the other positionally. Measures are necessary 
here to distribute the overall load of the bearing arrangement in as uniform 
a manneras possible between the individual axial bearings. 

One known design for a bearing arrangement for absorbing axial loads is 
designated as a "tandem bearing". A plurality of, usually two to four, axial 
bearings are connected to form a unit in which the plates which sit on the 
shaft (shaft plates) and the plates which sit in the housing (housing plates)' 
are supported by means of spacer rings arranged between them in each 
case. A uniform loading of all the sets of rolling bodies is obtained by the 
runner plates and the cages all being embodied differently than one 
another so as to give uniform deflection. 

It is also known for the runner plates and the cages to be embodied the 
same, and for the runner plates to be supported^ axially by means of 
differently embodied resilient elements. 

It is conventional, within a bearing arrangement for absorbing axial loads, 
to provide the shaft runner plates and the housing runner plates with spring 
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constants that are adapted to one another. This is achieved by virtue of the 
fact that the runner plates have a non-rectangular cross-section so that 
they can deflect under axial load. A bearing arrangement of this type is 
disclosed by German utility model application DE 71 40 687. A bearing 
arrangement of this type is, however, very complex to produce on account 
of the non-rectangular design of the runner plates. 

According to DE 21 14 698, another possibility, given a plurality of axial 
roller bearings arranged one behind the other axially, for preventing 
overloading of the rolling bodies as a result of their single-sided loading is 
that the housing plates, at their cylindrical circumferential face, and the 
shaft plate, in its bore, have sufficient clearances that only annular seat 
faces bear directly against both the shaft seat faces and the housing, the 
axial height of which is significantly smaller than the height of the runner 
disks in this region. Disadvantages of said bearing arrangement are both 
that the runner plates have a non-rectangular cross section and that the 
abovedescribed clearances are necessary, each of which contribute to the 
bearing arrangement being more expensive. 

The well-known problem in roller bearing technology of edge bearing, in 
which the rolling bodies only transmit loads over part of their length, 
accordingly plays a significant role even where a plurality of roller bearings 
are arranged one behind the other. This is because if this problem is not 
solved, it leads to overloading both of the rolling bodies and of the 
associated points in the raceways, which can lead to early failure of the 
overall roller bearing arrangement. Where a plurality of bearings are 
arranged one behind the other axially, the abovedescribed attempts to 
solve said problem are however too complex. 

Summary of the invention 

It is therefore the object of the invention both to significantly simplify the 
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construction and production of a bearing arrangement for absorbing axial 
loads and to increase the service life and operational reliability of the 
bearing arrangement by uniformly distributing the load to the individual 
axial roller bearings. 

5 

According to the invention, this object is achieved as claimed in the 
characterizing part of claim 1 in conjunction with its preamble in that the 
housing plates and the shaft plates have a constant axial thickness over 
their entire radial extent in the region of the rolling body sets, and at least 
10 one of the shaft plates is provided at its inner circumference with an 
annular clearance which is inwardly open in the radial direction. 

The advantage of said clearance is that the shaft plates have a variable 
stiffness as seen in cross-section, so that the force line path coming from 

15 the load is diverted from one of the runner plates into one of the rolling 
body sets and directly into the rolling bodies. The rolling bodies thus no 
longer transmit forces over part of their axial length but over almost their 
entire axial length. In this way, overload peaks in rolling bodies and 
raceways are avoided, which has a positive effect on the operation and 

20 service life of the bearing arrangement. 

A further advantage of the inwardly open clearance is that, by decreasing 
the stiffness of the shaft plates, a resilient effect is obtained which brings 
about an increased resistance to failure under impact loading of the 
2 5 bearing arrangement. Should heavy impact loading occur, the shaft plate 
deforms in the axial direction and thus has a composating effect on the 
entire bearing arrangement. 

Production of the bearing is simplified, and hence made more cost- 
30 effective, in particular by the rectangular design of the runner plates. 
Complex cutting machining processes for producing conically tapering 
runner plates are therefore not necessary. In contrast to these cutting 
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machining processes which are necessary in the prior art, the introduction 
of the inwardly open clearance in the shaft plate plays only a secondary 
role in terms of cost. 

5 The shape and spatial extent of the clearance arranged in the shaft plate is 
of secondary importance. Said clearance must be re-designed individually 
for each bearing arrangement as a function of the prevailing size loading 
ratios. 

10 Advantageous developments of the invention are described in the 
subclaims. 

Accordingly, according to claim 2, the lower shaft plate is to be provided 
with an annular clearance, while according to claim 3, the upper shaft plate 
15 should have this clearance. 

The arrangement of the clearance in the lower shaft plate is the standard 
procedure if the force acting on the bearing arrangement is to be in a 
downward direction, that is to say in the direction of gravity. This is the 

20 case for example in deep-drilling appliances when the force in the direction 
of the center of the earth comes from a motor which is to move a drill in the 
direction of the center of the earth. If, in contrast, tandem bearings of this 
type are used in transmissions for screw-type extrusion machines in the 
rubber or plastics industries, the force applied to the bearing acts in the 

2 5 horizontal direction. The lower shaft plate is to be regarded in this case as 
that shaft plate which is situated furthest from the point at which the force 
acts. 

Staying with the example of the deep-drilling appliance, the upper shaft 
30 plate is advantageously always equipped with the annular clearance when 
an upwardly acting counterforce is triggered against the downwardly acting 
force of the motor. This is for example the case when the drill, which is 
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driven by the motor, must penetrate through very hard rock layers. 

A further significant feature of the bearing, arrangement according to the 
invention is described in claim 4. According to this, it is provided that a 
5 securing ring is provided at least in one of the clearances. Said securing 
ring prevents excessive deformation or even fracture of the shaft plate as 
would otherwise be caused by an excessive force acting on it. The system 
is thus significantly stiffer since the securing ring can absorb an additional 
part of the active force by means of deformation, without damage occurring 

10 to the shaft plate. It should be noted, as is the case with the annular 
clearance, that the securing ring must be designed individually for each 
application. This relates for example to the material used which, according 
to claim 5, should be elastic. However, the size and the cross-sectional 
shape of the securing ring also have an effect on the stiffness of the shaft 

15 plate. 

Finally, a last feature according to claim 6 provides that the securing ring 
should have a slot. This is necessary primarily for facilitating assembly. 

20 The invention is described in more detail on the basis of the following 
exemplary embodiment. 

Brief description of the drawings 

25 In the figures: 

Figure 1 shows a longitudinal section through an axial bearing 
arrangement as described in the previous prior art, 

30 Figure 2 shows a longitudinal section through an axial bearing 
arrangement having a clearance according to the invention, 
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Figure 3 shows the profile of the force lines through a shaft plate which 
is provided, according to the invention, with a clearance, 

Figure 4 shows the load distribution over a rolling body whose shaft 
5 plate is respectively provided with and without a clearance 

according to the invention, 

Figures shows a longitudinal section through a bearing arrangement 
according to the invention having a clearance and securing 
10 ring, 

Figure 6 shows an enlarged illustration of the section indicated in 
figure 5 and 

15 Figure 7 shows a plan view of a slotted securing ring. 

Detailed description of the drawings 

The bearing arrangement illustrated in figure 1 for absorbing axial loads 
20 comprises four axial roller bearings arranged one behind the other. These 

each comprise a housing plate 1.1, 1.2, 1.3, a shaft plate 2.1, 2.2 and 

rolling body sets 3.1, 3.2, 3.3, 3.4 arranged between these runner plates. 

Said rolling body sets are composed of cylindrical rolling bodies 3.1.2, 

3.2.2, 3.3.2, 3.4.2 which are guided in cages 3.1.1, 3.2.1, 3.3.1, 3.4.1. The 
25 housing plates 1.1, 1.2, 1.3 are each supported axially by means of spacer 

rings 4.1, 4.2, and the shaft plates 2.1, 2.2 are supported axially by means 

of the spacer ring 5.1 . 



30 



If, as can also be seen in figure 1, a force (denoted F) is introduced into the 
upper shaft plate 2.2, the force flow is as follows: 
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The force F is divided into two partial forces F1 , F2, a force flow F1 to the 
housing plate 1.1 passing via the upper shaft plate 2.2, the rolling body set 
3.3, the housing plate 1.2 and the spacer ring 4.1. The second associated 
force flow F2 likewise proceeds from the upper shaft plate 2.2, continues 
5 via the spacer ring 5.1 and reaches the lower shaft plate 2.1 before 
reaching, in turn, the housing plate 1.1 via the rolling body set 3.1. 

As can also be seen from figure 1, production-related inaccuracies can 
lead to problems occurring, in the force flow of the partial force F2, in the 

10 transition between the shaft plate 2.1 and the rolling body set 3.1 . That is to 
say the axial load F2 proceeding from the shaft plate 2.1 is only absorbed 
by the rolling bodies 3.1.2 of the rolling body set 3.1 over part of their axial 
length. In other words, overloading occurs in the inner region of the rolling 
bodies 3.1.2 which adversely affects the overall bearing arrangement. An 

15 unfavorable profile such as this of the surface pressure over the axial 
length of the rolling bodies 3.1 .2 is illustrated in figure 4. It can be seen that 
according to the curve a, load peaks of up to over 6000 N/mm 2 can occur 
in the inwardly situated region of the rolling bodies 3.1.2, while the radially 
outwardly situated end of the rolling bodies 3.1.2 is pratically unloaded. The 

20 invention deals with this problem which, in roller bearing technology, is also 
known as edge bearing. 

According to the exemplary embodiment in figure 2, the lower shaft plate 
2.1 is provided with an annular clearance 6 which is inwardly open in the 

25 radial direction. As can be seen from figure 3, the partial force F2 which is 
transmitted from the spacer ring 5.1 to the lower shaft plate 2.1 is diverted 
by means of the clearance 6 in such a way that the rolling bodies 3.1.2 of 
the rolling body set 3.1 are acted upon by the force F2 in a uniform manner 
over their entire length. In this way, a force profile results over the axial 

30 extent of the rolling bodies 3.1.2 corresponding to curve b shown in figure 
4. It can be seen from curve b in figure 4 that an approximately constant 
surface pressure of approximately 3000 N/mm 2 is given over the entire 
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axial extent of the one or more cylindrical rolling bodies 3.1.2. The principal 
stresses in the region of the inwardly open clearances are compressive 
stresses. This offers more security against fatigue in comparison with 
tensile loads. 

5 

Finally, figures 5, 6 and 7 show a bearing arrangement according to the 
invention for absorbing axial loads, in which a securing ring 7 provided with 
a slot 7.1 is inserted in the clearance 6. It can be seen that the stiffness of 
the shaft plate 2.1 is increased by means of said securing ring 7, since a 
10 compression of the shaft plate 2.1 in the axial direction is hampered. Said 
compression of the shaft plate 2.1 is only possible if both the stiffness of 
the shaft plate 2.1 is overcome and, in addition, the securing ring 7 deforms 
in the axial direction, that is to say is changed in shape. 
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List of reference designations 





1.1 


Housing plate 




1.2 


Housing plate 


5 


1.3 


Housing plate 




2.1 


Shaft plate 




2.2 


Shaft plate 




3.1 


Rolling body set 




3.2 


Rolling body set 


10 


3.3 


Rolling body set 




3.4 


Rolling body set 




3.1.1 


Cage 




3.2.1 


Cage 




3.3.1 


Cage 


15 


3.4.1 


Cage 




3.1.2 


Rolling body 




3.2.2 


Rolling body 




3.3.2 


Rolling body 




3.4.2 


Rolling body 


20 


4.1 


Spacer ring 




4.2 


Spacer ring 




5.1 


Spacer ring 




6 


Clearance 




7 


Securing ring 


25 


7.1 


Slot 



